ABSTRACT -The objective of this study was to estimate tissue composition of the carcass from physical composition of commercial cuts of F1 crossbred goats (Boer with females of non-defined racial standard) finished on native pasture with four levels of supplementation with concentrate (0.0; 0.5; 1.0 and 1.5% of BW in dry matter). It was used 24 non-castrated animals at initial body weight of 15.52 kg and at 120 days of age. The carcass was sectioned in the half, and from the lefthalf carcass, the following cuts were detached: leg, loin, ribs, shoulder and neck, which were dissected in muscle, bone and fat.
Introduction
Tissue composition is the major factor in determining carcass quality due to its effects on the commercial value of meat cuts inasmuch as the selection of meat cut by the consumer depends on its anatomical site and its proportion of tissues. Assessment of carcass composition is performed by the total or partial carcass dissection, with the separation of the tissue components (muscle, bone and fat) resulting, according to Osório & Osório (2005) , in an expensive and lengthy procedure.
More practical, faster and less expensive methods are used to estimate the carcass composition, particularly from the muscle and fat, such as biometric measurements, body mass index, body condition scoring, loin area, among others (Cezar & Sousa, 2007) . Silva & Pires (2000) stress the importance of carcass measurements because they allow comparisons among breeds, carcass weight and age at slaughter, and feeding systems. Besides, its correlations to other measurements including carcass tissues, allow predictions that may avoid the use of expensive processes of carcass dissection. However, despite the difficulties faced in carcass dissection, this is still the most appropriate procedure to determine carcass tissue components.
Moreover, muscle, bone and fat measurements can be taken in part-dissected carcasses, not in the entire carcass, reducing cost and waste, allowing the commercialization of the other meat cuts. This is emphasized by Pinheiro et al. (2007) , who used only high priced meat cuts (leg, loin and shoulder) in studies with cross-bred ovines (Ile de France × Ideal). Silva et al. (2010) stress the importance of research providing more information on the tissue composition of carcass cuts of goats finished in native pasture. However, different meat cuts are used in tissue composition prediction in different regions and countries, which may present some difficulties when it comes to the selection of the carcass segment for tissue prediction.
Therefore, the objective of the present study is to predict the tissue composition of the carcass based on the physical composition of commercial cuts of F1 (Boer with females of non defined racial standard) animals finished on native pasture with four levels of supplementation.
Material and Methods
The experiment was carried out on "Nupeárido" farm of the Universidade Federal de Campina Grande, Patos Campus, Paraiba, Brazil. The study began in May 2007 and finished in August 2007, with a grazing period of 98 days. The climate in the region is classified as hot and dry, being characterized by two well-defined seasons, a rainy season from January to May, and a dry season from June to December, with an average annual rainfalls of 500 mm, mean temperature of 28.5ºC, relative humidity of 61%, and altitude of 300 meters.
The vegetation of the experimental area is characterized by the presence of native and exotic lignified species that together account for around 10 to 15% of the soil coverage. The main species that form the herbaceous stratum include milhãs (Brachiaria plantaginea and Panicum sp.), capimbuffel (Cenchrus ciliares L), capim rabo-de-raposa (Setaria sp.) and capim-panasco (Aristida setifolia H.B.K.); dicotiledôneas, mata-pasto (Senna obtusifolia), malvabranca (Sida cordifolia L), erva-de-ovelha (Stylozanthes sp.), azulão (Centratherum sp.), guizo-de-cascavel (Crotalaria micans Link). The lignified species include craibeira (Tabebuia caraíba Bur), jurema-preta (Mimosa tenuiflora Wild), algaroba (Prosopis juliflora (Sw) DC), juazeiro (Zizyphus joazeiro Mart:Rhamnaceae), and also fruit species such as cajarana (Spondias sp.) and cajueiro (Anacardium occidentale).
Twenty-four non-castrated, cross-bred F1 (Boer with females of non defined racial standard) goats at 120 days of age and at initial body weight (BW) of ± 15.52 kg were used in the experiment. The animals were fed on a continuous grazing system from 8:00 a.m. to 4:00 p.m., and they were then taken to their stalls for supplementation with increasing levels of concentrate (0.0; 0.5; 1.0 and 1.5% of BW in dry matter) in individual cages equipped with troughs and drinking vessels.
The supplement diet was composed of ground corn (53.21%), wheat meal (24.43%), cotton pie (13.61%), soybean meal (3.76%), soybean oil (1.75%), calcitic limestone (1.5%) and mineral core for goats (1.74%), and it was balanced according to recommendations of AFRC (1998) so the highest supplementation level provided a daily weight gain of 200 g per animal.
Following the finishing period, the animals were submitted to 24 and 16 hours of fasting (restriction of solid and liquid food, respectively) and then they were weighed to obtain the slaughter body weight. The average age of the animals was 218 days and they were slaughtered at body weight of 25.12, 26.62, 28.56, and 29.19 kg for the respective supplementation levels as follows: 0.0, 0.5, 1.0 and 1.5% of BW in dry matter. Slaughter was performed by stunning and cutting of the carotid arteries and the jugular veins, followed by flaying and removal of viscera.
The carcass was obtained after skinning, detachment of head, viscera and anterior and posterior paws at the level of carpometacarpal and tarsometatarsal joints, respectively. The carcasses were maintained in a cold chamber for 24 hours at 3-5ºC and they were then sectioned in two half-carcasses.
The left half-carcasses were divided into five commercial meat cuts: leg, loin, ribs, shoulder and neck. The obtained cuts were frozen at -20ºC, then defrozen and dissected into muscle, bone and fat, according to the methodology described by Cezar & Sousa (2007). characterized as the predictor of bone tissue in the carcass.
The total amount of fat in the ribs (Table 3) has provided the best estimate for the total weight of carcass fat. Argüello et al. (2001) , who obtained the best coefficients of determination (r 2 ) to estimate the weight of subcutaneous and intramuscular fat contents in the leg cut (0.88), unlike the results obtained for crossbred F1 goats (Boer with females of non-defined racial standard), for which the best adjustment for subcutaneous and intramuscular fat contents was obtained, respectively, by using these tissues in the leg (0.80) and in the ribs (0.87).
Increase by one percent point in the yields of muscular tissue in the leg, loin, ribs, shoulder and neck led to an increase of 0.65; 0.34; 0.60; 0.76 and 0.37%, respectively, in the carcass muscle yield (Table 4 ). The coefficient of determination (r 2 ) obtained by using muscle yield in the cuts indicates the ribs as the best predictor of muscle yield in the carcass (r 2 = 0.83). This is probably explained by the increased weight gain of the animals. Cezar & Sousa (2007) stated that the increased age and weight at slaughter resulted in the proportional increase of muscle deposition in the region of the trunk, which was consistent with the findings by Morand-Fehr (1981) and Warmington & Kirton (1990) , in which growth occurs in a centripetal fashion, that is, by means of progressive waves of growth from the extremities to the thorax.
Increase by one percent point in the bone composition of the leg, ribs, shoulder and neck corresponded to increases of 0.48; 0.40; 0.68 and 0.22%, respectively, in the carcass (Table 5 ). The amount of bone in the shoulder provided the At the end of the dissection, the half-carcass was restored and the amount of muscle, bone and fat of the halfcarcass was used to obtain tissue yield.
For weight prediction, the weight of the tissues of the cuts was used to estimate the weight of the cuts in the carcass; likewise, for yield prediction, the percentage of muscle, bone and fat in the cuts was used to predict tissue yield in the carcass. To predict weight and the tissue composition of the carcass, data were subjected to regression analysis. All the analyses were performed using the SAS program (2004) at a significance level of 5%.
Results and Discussion
All the cuts can be used for the prediction of muscle weight in the carcass, being regression analysis linear and positive (P<0.05) for the leg, ribs, shoulder and neck or it is cubic when loin tissues are used (Table 1) .
The amount of muscle in the leg has provided the best estimate for this tissue in the carcass because of its higher coefficient of determination (r 2 = 0.95) compared to the results obtained for the other cuts. This behavior corroborates the findings reported by Arguëllo et al. (2001) in goats of the Canário group slaughtered between 6 and 15 kg of body weight (BW). Although the best adjustment for loin occurred in the cubic model (r 2 = 0.93), a r 2 = 0.90 was found for the linear effect.
There was a positive linear relationship (P<0.05) between the weight of the five studied cuts and the weight of the tissue in the carcass ( Table 2 ). The highest coefficient of determination was found for the ribs (0.84), which was best coefficient of determination (r 2 = 0.61). Bone yield in the loin did not influence the amount of this tissue in the carcass. The total fat yield in the ribs, using the cubic model, expressed the highest coefficient of determination (r 2 = 0.85), indicating that this cut is the best predictor of the fat content in the carcass (Table 6 ). When estimating the subcutaneous fat yield in the carcass, only the neck cut was not found as significant, but the leg of goats was found to be the best predictor of the subcutaneous fat content in the carcass.
The adipose tissue is the most variable component of the carcass, regarding both its amount and distribution in the carcass (Rosa et al., 2005) , with late, though continuous development during the entire life of the animal. Carvalho et al. (2003) highlighted factors such as sex, race, species, feeding conditions and breeding system, whereas Macedo et al. (2000) reported termination period and weight at slaughter as determinant factors in the amount and distribution of body fat, which was also observed by Pinheiro et al. (2007) in ovines Ile de France × Ideal) and Teixeira et al. (1995) in goats of the Serrana race. It is important to stress that during dissection, the adipose tissue is the most difficult to be removed, particularly in young animals (Sanz Sampelayo, 1992) or when the carcasses are from animals with low body weight (Yáñez et al., 2007) . In their study of carcass characteristics and their correlations with tissue composition in ovines (Texel × Ideal) slaughtered immediately after weaning, with 28 and 30 kg body weight, Silva & Pires (2000) found that the ribs presented the best coefficients of determination for the percentage of muscle (0.72), bone (0.93) and fat (0.79) in the carcass.
A correlation was found between the yield of the tissues of cuts with the carcass tissues, being positive for the yield of muscle tissue and negative for the adipose tissues, without correlation among the bone tissue of all cuts. Concerning the yields of subcutaneous fat of the ribs and neck and the yield of intramuscular fat in the loin, no significant correlations were observed (Table 7) . The positive correlation of the muscle tissue yield with the carcass muscle yield (Table 7) was most representative in the ribs (0.916), followed by the shoulder (0.810), leg (0.674), loin (0.624) and neck (0.594). As for the negative correlation of the muscle yield of the cut with the fat yield in the carcass was most representative for the ribs (-0.379), loin (-0.610) and shoulder (-0.570), and less representative for the leg (-0.379) and neck (-0.375). Considering fat yield, all cuts showed a positive correlation with the yield of the adipose tissue in the carcass, and once again the best result was obtained with the ribs (0.902) and the lowest representativeness was observed for the loin (0.725). The results obtained with crossbred F1 goats (Boer with females of non defined racial standard) for the correlation of the yield of the rib muscle with the yield of the carcass muscle (0.916) corroborates the results obtained by Silva & Pires (2000) , who assessed tissue composition prediction of carcass of lambs and found that the ribs was the cut that best represented the carcass (r 2 = 0.85).
Ribs were found to be the region that provided the best estimates for yields and correlations of muscle, for total fat and for intramuscular fat in the carcass, and this can be explained by the late maturity of this cut, which was already observed by Yáñez et al. (2006) in Saanen goats slaughtered at 35 kg of body weight and by Pereira Filho et al. (2008) in F1 Boer × Saanen goats slaughtered between 5 and 25 kg, which confirms the direct relationship between weights at slaughter and carcass weight (Yamamoto et al., 2004) . Moreover, the animals were slaughtered when they had nearly reached physiological maturity (218 days of age) and finished on Caatinga pasture.
In muscle tissue weight prediction, the weight and the correlation of subcutaneous fat in the leg showed a high r 2 , which was expected because the animals had excellent carcass conformation for meat production, especially in the posterior region. Similar results were obtained by Malan (2000) for Boer goats that, according to Oman et al. (1999) , have transmitted the productive characteristics of this race to the crossbred animals. Regarding subcutaneous fat, when the animals grow and reach physiological maturity, greater amounts of fat are externally deposited on the skin (Cezar & Sousa, 2007) and, in goats, particularly animals for meat, this adipose tissue is less thick or scarce (Monte et al., 2007) . It is worthy to consider that the results of yield prediction and correlation of bone tissue of the shoulder with the carcass can be caused by the following aspects: early development of bone tissue (Osório et al., 2001 ) and the cut (Furusho-Garcia et al., 2006) , less variation in bone tissue in the carcass and also because of the earlier development of front limb bones compared to the posterior limb bones (Cezar & Sousa, 2007 Table 7 -Coefficients of correlation between the yields of carcass tissues and tissues of cuts of crossbred F1 goats (Boer with females of non defined racial standard) finished on native pasture
Conclusions
Prediction of muscle weight in the carcass can be performed by the equation used to estimate the weight of this tissue in the leg, loin, ribs and shoulder cuts. For the weight and yield of subcutaneous fat in the carcass, the equation used to estimate the weight of this tissue in the leg is recommended. Considering the values obtained for the coefficient of determination, ribs are the cut that provide the best estimate for the yield of total muscle and fat in the carcass of crossbred F1 goats (Boer with females of non defined racial standard) finished on native pasture with four levels of supplementation.
